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III.-The meeting of the British Association. Discussion on Modern 
Methods of Treating Observations. 

THE British Association met at Leicester this year, from 31st 
July to 7th August, under the Presidency of Sir David Gill, F.R.S. 
Professor W. J. Ashley was President of Section F (Economics and 
Statistics), and delivered a very able and interesting address on the 
history and present position of economics in this country. The 
address of Mr. G. G. Chisholm to Section E (Geography) on 
" Geography and Commerce" also deserves especial mention; and 
we may note the discussion on "Anthropometry in Schools," in 
Sections H (Anthropology) and L (Education) meeting conjointly, 
which was introduced by papers by Mr. J. Gray and Dr. Shrubsall. 
The majority of the papers read before Section F were of an 
economic rather than a statistical character, and the chief statistical 
event of the meeting was a discussion before Section A (Mathematical 
and Physical Science), in which several Fellows of the Society took 
part, on " Modern Methods of Treating Observations, with especial 
reference to Meteorology." It should be stated that the time 
allowed for the discussion was brief, and several speakers bad to. 
curtail their remarks somewhat unduly. 

The discussion was inaugurated by Mr. W. PALIN ELDERTON,, 
whose communication dealt with the application of recognised 
statistical processes to meteorological statistics. It was pointed out 
that the questions naturally arising from, say, rainfall statistics 
were:-(1.) What is the average rainfall ? (2.) Where should we 
make the division between wet weeks and dry weeks? (3.) What 
is the most likely rainfall in any week ? (4.) Are there many very 
wet weeks and some quite dry weeks, or is the rainfall fairly 
uniform ? The answers to the first three of these questions by the 
calculation of the mean, median and mode were explained, and the 
methods of calculating the values were given for rainfall statistics. 
drawn from a paper by Dr. W. N. Shaw, F.R.S.1 

The " Method of Moments" was described and, after the 
necessity of using a general method of fitting curves had been 
mentiorned, an example of the application of the method was given 
by fitting a parabolic curve to statistics of rainfall in East England, 
also drawn from Dr. Shaw's paper. 

The standard deviation was then explained, and it was pointed 
out that this function, by measuring the way observations are 
scattered about their mean, supplies an answer to the fourth 
question indicated above. 

The importance of calculating a " standard deviation" or a 
" probable error " corresponding with means was then insisted on, and 
it was pointed out that the mere statement of a mean is statistically 
insufficient, and is of no use for comparative purposes until we 
know what deviations from the calculated value may arise. 

'"Seasons in the British Isles from 1878," Journal of the Royal Statistical 
Society, June 1905. 
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Numerical examples were given to show the practical uses of this 
measure of accuracy. 

The remainder of the communication dealt mainly with corre- 
lation. It is frequently important to decide whether two functions 
are related to one another or not, and if they are related to find 
a measure of the relationship. The coefficient of correlation gives a 
satisfactory measure, in the majority of cases, and its meaning and 
use were explained. As a numerical exainple the rainfall in the 
east of England was compared with that in the north of Scotland 
and in the Channel Islands (Dr. Shaw's statistics), and the coefficient 
of correlation in the former case was shown to be very small in 
comparison with that brought out in the latter. In the case of 
correlation as well as that of means it is especially important to 
calculate the probable errors of the coefficients used, as it is not till 
such calculations have been made that it is possible to assert that a 
correlation is significant, or that there is in reality a closer con- 
nection in one case than in another. in the case of the rainfall 
statistics already mentioned, the coefficient between East England 
and North Scotland was 'o7, and as its probable error was ? 'O7 
the coefficient was not significant. In the other case the coefficient 
was shown to be *374 ? +o65, indicating that the rainfall in East 
England is correlated with that in the Channel Islands. Another 
example taken was the correlation between rainfall and typhoid 
cases in Surrey districts, the water supply of which is. obtained from 
river sources. The statistics were furnished by Dr. E. C. Seaton, 
the medical officer of health, and the author expressed his indebted- 
ness for permission to use them. The coefficient of correlation was 
found to be *I i6 with a probable error of 'o73, so that it is impossible 
to assert definitely that there is any relation between rainfall and 
tvphoid, at any rate on the evidence afforded by these statistics. 
It was remarked that the matter seemed well worth further investi- 
gation with other statistics. 

Reference was also made to work that had already been done 
in meteorology with modern statistical methods, and a paper by 
Professor Karl Pearson, F.R.S., and Miss Alice Lee2 was briefly sum- 
marised. It was also pointed out that Dr. Gilbert T. Walker, F.R.S., 
in his interesting memoranda on the meteorology of India3 had 
made use of the coefficient of correlation for measuring the correlation 
between sunspots and the precipitation in December to March, and 
had given a table of coefficients showing the correlation between 
various pressures, rainfall and snowfall connected with Indian 
meteorology. This table was reproduced, and it was remarked 
that Dr. Walker used his results for foretellinlg the weather for the 
following year. 

2 "tOn the Distribution of Frequency of the Barometric Height at Divers 
Stations," Philosophical Transactions, A, vol. 190, pp. 423-469. 

3 Memorandum on the Meteorology of india: (i) before the advance of 
S.W. Monsoon of 1906; (ii) during October and November, 1906; (iii) before 
the advance of the S.W. Monsoon of 1907. Simla: Government Printing 
Office, 1906 and 1907. 
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The communication concluded with an appeal for the more 
;scientific treatment of statistics with the help of modern methods. 

Dr. W. N. SHAW expressed the thaniks of meteorologists to 
Air. Elderton for his Paper, and hoped that it might be printed 
in extenso, so that the details which could not be introduced in the 
.discussion might be available for reference. 

From the point of view of meteorology, it was a very appropriate 
time for a discussion of the methods of dealing with observations. 
Sufficient observations had now been obtained for the preparation 
of mean values, if not for the whole world, at least for the greater 
part of it; and the nett stage in the scientific process was the 
consideration of departures from the mean. 

In other quarters a great amount of attention had been paid 
to the development of methods of observation, arid it was very 
desirable that students of meteorology should be acquainted with 
these new methods. Not only had Professor Karl Pearson intro- 
duced the method of computing the "coefficient of correlation," of 
which Mr. Elderton had spoken, but advances had been made 
in other directions. The method of harmonic analysis had been 
known for a long time, but Professor Schuster4 had developed it by 
suggesting the construction of a "periodogram," which indicated 
the prominence of any particular periodic variation in the complex 
changes of a quantity in a manner analogous to the resolution 
of the complex vibration of a ray of light of mixed colours into 
its constituents by spectrum analysis. Professor Chrystal,5 in 
,discussing the component periods of oscillation of the seiches of 
Scottish lochs, had introduced a "method of residuation," which 
had to do with the effect produced upon the components of various 
periods by adding consecutive ordinates with specified intervals. 
The consideration of this method was specially important for 
meteorologists, in order that they might realise what was the effect 
upon the various periodic components, due to the " smoothing " by 
-adding consecutive valuies according to Bloxam's rule or in some 
.other manner. 

The study of all these methods was of such importance that 
meteorologists were under an obligation to the Committee of 
Section A for arranging the discussion and to Mr. Elderton for 
opening it. 

A very slight study of meteorological values was sufficient to 
show the necessity of dealing with them in some other manner than 
by merely talking arithmetic means. He was able to exhibit some 
diagrams prepared in the Meteorological Office which illustrated the 
relation of the mean to the frequency of occurrence of the various 
values. The curves showed the mean weekly values of accumulated 
temperature, sunshine, and rainfall, and the limits of the weekly 
values above and below the mean, which would include, on the 

4Proceedings of the Royal Society, Ser. A, vol. 77, pp. 136 sqq. (1906), and 
earlier papers. 

5 Transactions of the Royal Society of Edinbur,qh, vol. xlv, part ii (No. 14) 
p. 385 (1906). 
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average, one-third of the whole number of occurrences; also the 
limits that were exceeded in either direction only once in twelve 
times. The limits had been computed from the Weekly WVeather 
Report, so that the character of a season might be satisfactorily 
represented by correcting the number of weeks of specified character 
included in it. 

Mr. G. U. YULE stated that he felt the same diffidence as 
Mr. Elderton in speaking on the application of statistical methods 
to meteorology, as he had practically no knowledge of that subject, 
but only of statistical method. Statistical methods, however-the 
methods of dealing with observations affected by a plurality of 
causes-were the same from whatever field of science the observa- 
tions were drawn. For such simple comparisons-e.g., of the 
meteorological conditions in two localities-as were made without 
any afterthought of discussing hypotheses as to causation, the' 
arithmetic mean-or some other form of average-was practically 
the only constanit used. To do this was to ileglect all the other' 
characters in which two frequency distributions might differ; and 
of such characters, as had been already pointed out, scatter or 
dispersion was the most important. The standard deviation (root- 
mean-square deviation from the nmean) was the most convenient 
measure of dispersion algebraically, but the "interquartile range," or 
difference between the two values which were just exceeded by one- 
quiarter an-id three-quarters of the observations respectively, was the 
most readily calculated. Where the problem was more complex 
and it was desired to discuss the relation between two variables, 
various methods were available, but that of the correlation 
coefficient was the most important. In the cases with which the 
physicist dealt, the form of the function relating the two variables was 
the chief point of interest, but in the cases most typical of statistics 
-as in Mr. Elderton's diagrams-the observations were, in general, 
so scattered that a simple straight line served almost as well as any 
more elaborate curve, marked divergence from linearity occurring 
in a smaller proportion of cases than might be expected. The 
correlation coefficient was a measure of the approach towards such 
a sinmple linear relation between the two variables, and the method 
could be extended to cover those cases-numerous in practice-in 
which it was necessary to deal with more than two variables-say 
three or four. Referring to Dr. Shaw's remarks, he would suggest 
that such methods as harmonic analysis, while of service in certain 
cases, hardly came within the scope of methods of statistics proper; 
the method had no special applicability to observations affected by 
a plurality of causes. 

Mr. A. R. HINKS said that a recent paper,6 published under the 
auspices of Professor Karl Pearson, had raised in his mind certain 
misgivings as to the advantages of discussing astronomical statistics 
by the theory of correlation. An attempt was made to find the 
correlation between the parallax and the photometric magnitude 

6 "t Some considerations regarding the number of the stars." Winifred Gibson. 
Montkly Notices R.A.S., vol. lxvi, p. 445. 
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of stars. He wotild like to call attention to two points in this 
paper. The first was a question of theory. Suppose that the stars 
were uniform in size and brilliancy, so that parallax and magiiitatl 
were rigidly connected-the relation between them would be 
expressed by a logarithmic curve, and consequently the coefficient 
of correlation would not be unity, but something less, depending 
upon the distribution of the stars in space. In this case it seemed 
to him that the coefficient of correlation between parallax and 
magnitude would tell us little about the closeness of the actual 
relation between them. He understood that in such a case it was 
proper to use correlation ratios, but not correlation coefficients. If 
that was so, he would ask the exponents of modern statistical 
methods to erect a very large and conspicuous danger signal, to 
keep astronomical statisticians from falling into such a trap. 

His second poillt concerned the material discussed in the above 
paper, which contained a diagrammatic representation of the relation 
between parallax and magnitude derived from 72 stars. The curve 
was complex, with three peaks. It was suggested in a footnote that 
a quartic curve might be made to fit it. But anyone who knew 
anything of stellar parallax work could explain at once the existence 
of these peaks. The first belonged to stars of the first magnitude, 
which had all been investigated because thtey ivere of the first 
magnitude. A few of them had large parallaxes. The second peak 
belongs to stars of the fourth and fifth magnitudes. They were not 
representative of the average star of that magnitude, but had been 
chosen becaiuse of their exceptionally largqe pr oper motion, and the 
consequent presumption of a measurable parallax, The third peak 
belonged to a few faint stars which had been investigated for the 
same reason-that they had large proper motion. The material 
under discussion was not, therefore, representative of the stars in 
general, but was hopelessly biassed, and he would like to express 
the conviction that no good was done in discussing astronomical 
results by any method of statistics that overlooked such considera- 
tions as those which he had ventured to bring forward. 

Mr. R. H. HOOKER thought that he could best serve the purpose 
of the discussion by giving one or two examples of the practical use 
that could be made of the method of correlation. Dr. Shaw had 
shown that there was an important connection between the autumn 
rainfall and the following wheat harvest. By correlating the weather 
of different seasons with the crop, he had been able to go further', 
and show that the connection. was closer with the autumn rainfall 
than with either rain or temperature at any other time of the year. 
Moreover, by the use of the method of partial correlation, he had 
been able to separate the effects of rainfall or temperature on the 
crops, finding, for instance, that cool weather during spring and 
early summer was very important as conducive to bulk in practically 
all agricultural crops. 

Professor H. H. TURNER drew attention to the need for caution 
in interpreting statistics, as illustrated by a letter in the Times of 

7 Journal of the Roy,al Statistical Society, March, 1907. 
VOL. LXX. PAPT III. 2 K 
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the preceding day.8 It had been asked by a Member of Parliament 
how it was that the death-rate from plague in India " was highest 
where inoculation was greatest." In the letter it was pointed out 
that the death-rate was much lower amongst the inoculated than 
amongst the non-inoculated, but that too small a number was 
inoculated to sensibly influence the total mortality. The relation 
noticed was simply due to the fact that most inoculations were 
made in the districts where plague was worst and the mortality 
consequently highest. 

Professor EDGEWORTH said that the remarks of the preceding 
speakers fell under three heads-law, chance, and a mixture of 
the two. To the first head belonged Dr. Shaw's attempt to 
trace periodicity in meteorological phenomena. The extension of 
mathematical law to new regions was a triumph familiar to 
Section A; a brilliant example had lately been given by the 
President of the Section. He (Professor Edgeworth) would follow 
Mr. Yule in limiting the present discussion to Statistics in a 
narrow sense, covering only the last two of the three heads 
specified. The hypothesis, proper to the second head, of numerous 
independent causes seemed to account for a greater proportion of 
actual frequency-distributions than was commonly supposed. No 
doubt the hypothesis was often not adequately fulfilled; some 
one or two agencies were unduly preponderant. The statistics 
out of which life-tables were constructed seemed to be of this 
character-belonging to the third, rather than the second head. 
Professor Pearson's method of representing frequency-distributions 
was appropriate to this head. It was not based on an antecedently 
probable hypothesis, but was rather an empirical formuila apt to 
represent the data given by observation. We ought, no doubt, to 
have regard to the data of observation, as Bacon, who had been 
mentioned, was always insisting. We ought also, like philosophers 
before and after him, to seek for explanations of observed 
phenomena. A formula was more valid when it rested, not only 
on empirical verification, but also on an a priori hypothesis. It 
might be hoped that a reason would be forthcoming for the wide 
applicability of Mr. Yule's method of treating correlation in general, 
according to the rule proper to " normal " distribution of frequency. 

In replying briefly to the discussion, Mr. ELDERTON pointed out 
to Mr. Hinks that it was very seldom that the regression curve 
deviated much from a straight line in ordinary statistical work; 
but if Mr. Hinks found that in certain astronomical statistics it was 
impossible to use a straight line, he would have to work out a 
coefficient (correlation ratio) different from that dealt with in the 
opening communication. Of course he, Mr. Elderton, quite agreed 
with Professor Turner, that in all statistical work it was easy to 
mlisinterpret one's results, and many difficulties of interpretation 
would remain even if modern methods were used.9 

8 Letter from Professor W. J. Simpson. Times, 5th Auguist, 1907. 
9 A letter from Professor Karl Pearson, with reference to the remarks of 

Mr. Hinks, was published in Nature, 19th September. 
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